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Effect of Nicotine on Cholesterol-Induced 
Atherosclerosis in the Rabbit 

By Duane G, Wenzel, Ph D., James A. Turner,and Donald Kissil, M.S. 


Nicotine was administered orally in three dbsage levels to feinalb rabbits fed a 1 per 
cent cholesterol, 5 per cent oil diet f6r 24 weeks. Serum cholesterol and phospholipid 
values and electrocardiograms, both with and without ergonovine stress, were obtained 
at eight week intervals Gross and microaortic pathology and cardiac micro pathology’ 
were determined at the end of the experiment. Serum cholesterol and phospholipid: 
values and aortic atherosclerosis were not affected by the addition of nicotine. Mortality, 
the incidence of positive ergonovine stress tests, myocardial necrosis and! fatty meta¬ 
morphosis, and peripheral vascular changes were increased k A dose-response relationship 
could not be established for nicotine. 


I T HAS been reported 11 2 that nicotine in¬ 
creases the plasma cholesterol levels of 
male rabbits on acholesterol-fortified diet. The 
purpose of this stludy was to determine tlie 
effect of graded doses of nicotine pliis a high 
cholesterol-oil diet on atherosclerosis using the 
following criteria: serum cholesterol and 
phospholipid levels, electrocardiographic 
changes both before and after ergonovine 
stress, and gross and micropathology of the 
hearts and contiguous vessel^. 

Methods 

Six groups of 12 albino, New Zealand^ six-week 
old, female rabbits per group were established. 
All animals weighed between 1.7 and 2.U Ivg. 
Group 1 received I the stock diet of Purinai rabbit 
chow and water ad lihitunn For group 2 the: 
food was impregnated with 1 per cent: cholesterol 
and 5 per cent cottonseed! oil. Group 3 was fed 
the stock diet plus the human nicotine equivalent 
by b od v weight of t wo pa oks of e igarettes daily 
in' the drinking water. This dose is based upon 
the report that 4 /<_g. of nicotine per os produces 
the same psychic effects as one cigarette in the 
chronic smoker. 3 Using 70 Kg, as the average 
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adult! liuman weight, the daily two pack equiva¬ 
lent is 2.2S mg. nicotine/Kg. body weight, the 
one-half pack equivalent is 0.57 mg./Kg f , and the 
one-eighth pack equivalent is 0.142 mg./Kg. 
Groups 4, 5, and 6 received the group 2 diet and 
one-eightlq one-half, and two pack equivalents 
of nicotine respectively. In order to reduce the 
possibility of acute effects from the nicotine, the 
dose was gradually increased! im order to produce 
tolerance. Each group was started! with one- 
twoiftli the calculated daily dose for the first 
three days: This amount was increased by a 
similar quantity every three days; until the full 
dhse was being administered! on the thirty-sixth 
day. 

Determinations of bod 3^ weight, serum cholesr 
teroli and phospholipid and electrocardiographic 
activity botli with and without ergonovine were 
made initially and every, eight weeks thereafter 
foiva period of 24 weeks. 

Electrocardiography was performed with am 
Edin C. C.-Di C. amplifier and a' Brush Model 
BL-2D1 oscillograph at a paper speed of 25 nun,/ 
second. The usual limb leadk and a; chest lead 
positioned! over the heart were used. Electrodes 
were prepared from silvered hypodermic needles. 
Tlie rabbits were unanesthetized but were im¬ 
mobilized by use of a rabbit board through which 
the head could be lowered! below the plane of the 
body. Records were obtained prior to and at 1, 
3, 5, and 10 minutes after the injection of 0.05 
mg./Kg. ergonovine maIrate into the marginal! 
ear vein. 

At 24 weeks all surviving aniinals were killed! 
and in addition to examination for microscopic 
pathology the degree of aortic sclerosis was gross¬ 
ly grndbd on a modified 0 to 4 scale. Grade 0 
was considered to be less than 2 per cent of the 
total surface involved, grade 1, up to 10 per cent,, 
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▼ |% CHOLESTEROL + NICOTINE " j PACK* 

7 1% CHOLESTEROL + NICOTINE "2 PACKS " 



• CONTROL 

© NICOTINE "2 PACKS" 

© 1% CHOLESTEROL 

• 1% CHOLESTEROL* NICOTINE " ^ PACK " 

T 1% CHOLESTEROL + NICOTINE " -j- PACK" 
V 1% CHOLESTEROL + NICOTINE " 2 PACKS' 


Fig. 1 Left. Average serum cholesterol values obtained at eight week intervals. 
FIg. 2 Right. Average phospholipid values obtained at eight week intervals. 


grade 2, up to 20 per cent!, grade 3, up to 40 per 
cent, and grade 4, up to SO 1 per cent!. When 
significant thickening of the lesions were observed, 
0.5 was added to the gradh. All values were 
equated to. a maximal value of 4 by direct pro 
portion. For the purpose of grading, the aorta 
was arbitrarily divided into aireh; ascending; and 
thoracic: aortic areas. The areas involvedl were 
independently estimated by two observers. In 
borderline cases the dimensions of the plaques 
were determined by use of a comparator with 
appropriate reticles. 

The heart and aorta were fixed in 10 per cent 
formalin. Frozen sections were made through 
the arch of the aorta' and the base and apex of 
the hearti. Tissues were stained withi oil red 0 
and 1 hematoxylin counterstsiin. 

Results 

Strum Cholisti rol-Lipid Piiasphvrus. Fig¬ 
ures 1 and 2 illustrate the changes in the se¬ 
rum cholesterol and lipid! phosphorus levels^ 
Although au initial linear dose relationship 
occurs for the nicotine and the serum choles¬ 
terol levels; this did not continue, nor was iit 
significant dine tio large individual! variations. 
Values for tihe one-half pack group are not 
given after the sixteenth week because of the 


high mortality in this group between 16 and 
24 weeks. The 3 nicotine-cholesterol groups 
showed significantly greater mortalities (70, 
91, and 50 per cent) than any of tke other 
groups at 24 weeks (control 8 per cent, nico¬ 
tine Oi cholesterol 8 per cent). Although there 
were indications of circulatory failure in those 
animals who died, correlation of the deaths 
with cardiac involvement was not attempted. 

Ergotwvlm Stress Test. The electrocardio¬ 
grams of the: cholesterol and nicotine-choles¬ 
terol groups did not begin to demonstrate in¬ 
creased abnormalities related to the adminis¬ 
tration of ergpnovime until the sixteenth! week. 
The results as given in table 1 are obtained 
from the 24 week records. The 16 week rec¬ 
ords: were used for those animailk that died 
between the 16 amdl 24 week periods., TWo 
criteria of ergonovine stress were selected:: A 
was an ergano vine-induced S-T depression of 
1.0 mui. (2 cm. - 1 mv) beltow the isoelectric 
llevel and/or a flhttiening or inversion of the 
T wave in leadk II, III, or IV. Criterion B 
was the same as that of A except that! flktten- 
img, of the T wave was eliminated as a posi- 
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Table 1 . — Percentage of Rabbits Exhibiting Positive 
Ergonovine Sirens Test at 24 Weeks 


Group 

no. 

Criterion A* 

Diet <%) 

Criterion Bt 
{%) 

1 

Control, 27.3 (3 of 11) 

18.2 (2 of 11) 

o 

Nicotine 25.0 (3 of 12) 

0.0 (Oof 12) 

3 

Cholesterol 58.3 (7 of 12) 

33.3 (4 of 12) 

4 

Cholesterol 1 plus 

nicotine f 4 1/8” 71L4 (5 of 7) 

71.4 (5 of 7) 

6 

Cholesterol plus 

nicotine “1/2” 7K4 (5 of 7) 

57.2 (4 of 7) 

6 

Cholesterol plus 

nicotine “21” 72.5 (8 of 11) 

54.6 (6 of 11) 


•Drug-induced depression or elevation of the S-T 
segment of II mm. or more below the isoelectric level 
and/or “flattening” or inversion of the T wave in 
lead II, III or IV. 

■fSame as A with the elimination of T wave “ flat¬ 
tening. * y 

live sign of coronary insufficiency. lit was 
felt till at criterion B was more valid, as a 
number of animal^ iim all groups demonstrated 
the flattened T wave prior to ergonovine stress. 
The effect of both pentobarbital anesthesia and 
the position of the animal on the positivity of 
the electrocardiogram was determined in a 
number of cases. It was observed that pento- 
barbitalization had no effect om positivity, 
whereas the position, that! is, on the back as 
used in the present study or the side as used 
by Rinzler, 4 markedly affected the: results. 
Animals that were negative in the back posi¬ 
tion: were often positive on tlie side and! vice 
versa. It may he seem from table 1 that a 
consistently higher percentage of nicotine- 
cholesterol animals (igroups 4 to 6) demon¬ 
strated positive electrocardiograms in re¬ 
sponse to ergonovine than did the cholesterol 
only group (group 3). Figpre 3 illustrates 
electrocardiograms obtained from w nicotime- 
eholesterol animal. The typical S-T depres¬ 
sion cairn be seen iiin the record! of tlie nieotine- 
cholesterol animal. 

Aortic Pathol Results of the gross 
grading of the aortas are given in table 2. 
Rabbits in all groups fed cholesterol exhibited 
markedi involvement of the aortas; although 
there was no difference between the cholesterol 
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Table 2 .—Summitry of Gross Grading of Rabbit 
Aortas for Atherosclerosis 


Group 

no. 

Sample 

Diet size 

Ascend¬ 

ing 

aorta 

Aortic Thoracic 
arch aorta 

Mean 

1 

Control 12 

0 

.35 

.62 

.32 

2 

Nicotine: 12 

0 

0 

0 

0 

3 

Cholesterol 12 

3.50 

4;00 

2.33 

3.30 

4 

Cholesterol plus 






nicotine ‘ *1/8:” 6 

3.47, 

4.00' 

1.40 

2.95 

5 

Cholesterol plus 






nicotine “1/2 ” 7 

3.66 

3.92 

2.15 

3.24 

6 

Cholesterol plus 






nicotine * * 2* * 10 

3.911 

3.95 

2.13 

3.33 


(group 2) and any of the nicotine-cholesterol 
groups (4 to 6). 

Cardiac Micropathology. In the control ani¬ 
mals (group 1) there were small amounts of 
adipose tissue around the coronary vessels. No 
apparent abnormalities were observed in the 
walls of any of the blood vessels. 

The nicotine group (2) demonstrated mini¬ 
mal paravascular depositions of adipose tis¬ 
sue as well as minimal fatty metamorphosis 
of myocardial cells; There was, however,, in 
all animals of this group considerable thick¬ 
ening and fibrosis of the small branches of 
the coronaries. 

The cholesterol only group (3) exhibited 
somewhat varying changes. In general,, the 
coronaries were thickened with advanced 
atherosclerotic: changes. These changes ap¬ 
peared! to be most pronounced in the subendo¬ 
cardial vessels. In some arteries closely 
adjacent to the endocardium,, the lumen was 
reduced in size to approximately one tenth 
tihe diameter of tlie vessel. In 1 animal small 
areas of necrosis were observed,, whilb 3 ani¬ 
mals demonstrated fatty metamorphosis of the 
myocardial fibers; 

The nicotine plus cholesterol groups (4 to 
fi): exhibitied atherosclbrotic changes essenti¬ 
ally similar to those of the cholesterol only 
group (3), with certain notable additions. 
These additions were greater amounts of fatty 
metamorphosis, and the presence of actual 
early necrosis of the myocardial tissues in all 
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Fw. 3. Serial ergonovine stress tests on a typical positive animal (S-T segment depression) 
using TV at 25 mm./see. 


animals. Figures 4 and 5 illustrate typical 
occlusive atherosclerosis of a coronary artery 
and am area of extensive fatty metamorphosis 
respectively. An interaction between the 
nicotine and cholesterol is suggested, as none 
of the animals fedl nicotine only (group 2): 
demonstrated either fatty metamorphosis or 
myocardial necrosis. Furthermore, there was 
no imdieationi from the mortalities or any of 
the other studies that nicotine given alone 
produced malignant atherosclerosis. 

Peripheral Vascular Changes. Changes in 
peripherali vascularity appeared in all groups 
receiving cholesterol. The effect was seen in 
the limbs as excessive sealing and reddening, 
followed progressively bv gross swelling, alo¬ 
pecia localis,, suppurative and sometimes 
bleeding lesions of all four paws and adjacent 
areas. These changes appeared first in the 
nicotine-cholesterol groups (4 to 6)' between 
the 12 and 16 week periods, and progressed 
rapidly, while in the cholesterol only group 
(3) the lesions did not appear until after 22 
to 23 weeks on the diet, and then progressed 
only slowly until the termination of the ex¬ 
periment. The fact that these findings were 


not seen with the nicotine only- group (2) once 
again suggests an interaction between nicotine 
andi cholesterol. 

Several animals receiving cholesterol I dem¬ 
onstrated a fatty infiltration of the eye. Not 
only were scleral deposits observed, as has 
been previously reported, 4 but the iris was also 
markedly infiltrated in some animals. There 
were no apparently significant differences be¬ 
tween the: cholesterol and nicotine-cholesterol 
groups in regard to the eye, andl no attempt 
had been made to note differences in tile times 
of onset. 

Discussion 

From these studies it appears that an inter¬ 
action occurred between nicotine and choles¬ 
terol in terms of mortality, electrocardio¬ 
graphic and pathologic evidence of coronary 
atherosclerosis, and peripheral vascular in¬ 
volvement. With one possible exception there 
was no apparent relationship between the ef¬ 
fect of nicotine per se and any of the above 
criteria. This exception was the consistent 
production of thickening and fibrosis of the 
small coronary branches in the nicotine only 
group (3). Nevertheless, reinforcement of the 
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Fig. 4 Top. Photomicrograph demonstrating the 
characteristic occliisivc atherosclerosis of a coronary 
artery in a nicotine-cholesterol animal. Frozen sec* 
tion—OiHred-O stain. Circa 60 X . 

Fig. 5 Bottom. Photomicrograph of a nicotine* 
cholesterol treated rabbit’s heart showing details of 
extensive fatty metamorphosis bordering on infarct 
tion. Frozen section-—Oil-red-O stain. Circa 1I20 X . 


observed cholesterol I effects by nicotine were 
quite apparent. It is interesting that, although 
a 16 fold nicotine dose differential was em¬ 
ployed,; no dose-dependant effects were ob* 
servedL • - 

An earlier study with male rabbits andl a 
0.1 per cent cholesterol diet demonstrated! that 
nicotine increased total serum cholesterol and 
phospholipid levels. 2 This was not confirmed 
by the present study on female rabbits and a 
1 per cent cholesterol plus 5 per cent cotton¬ 
seed oil diet!. One explanation may be that 
the high cholesterol-oil diet literally flooded 
the system, thus masking the nicotine effect. 
It must also be considered that the two rab¬ 
bit studies; also differed in the sex of the 
animate as well as in the addition of cotton¬ 
seed oil to the diet in the present study. 

While it is not possible to' define the mecha¬ 
nism of the interaction between nicotine and 
cholesterol from the experimental evidence, 
several points should be considered. As in¬ 
dicated above, the results cannot be attrib¬ 
uted to differences in serumi cholesterol or 
phospholipid levels. It may be significant that 
nicotine apparently did not affect the produce 
tion of atheroma in the aorta, while evidence 
of increased atherosclerosis in the heart 1 and 
periphery was; quite apparent. Nicotine is 
known to exert a rather complex vascular ef¬ 
fect in which vasoconstriction predominates. 
It, is possible that prolonged constriction of 
the vessels involved or other undefined vaseu- 
lkr actions of nicotine created the proper 
physical and/or metabolic environment for 
tihe deposition of cholesterol. The observation 
that the small! coronary vessels were thickened 
and fibrotic in the nicotine only group (2) 
would! strengthen this possibility. 

Summary 

Groups of female albino rabbits were ad¬ 
ministered cholesterol, nicotine, and nicotine- 
cholesterol for a 24 week periodl The addi¬ 
tion of nicotine to the cholesterol regimen did 
not significantly affect body weight, serum 
cholesterol or lipid phosphorus or gross aortic 
atherosclerosis under the conditions of the 
test. The nicotine-cholesterol groups demon - 
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stratied greater mortality, as well as greater 
electrocardiographic and pathologic evidence 
of cardiac involvement and peripheral! vascu¬ 
lar changes, than did the cholesterol or nico¬ 
tine groups. It is: suggested! that the combi¬ 
nation of nicotine and cholesterol produces a 
cardiovascular interaction. 

Sum mario: in Interlingua 
Gruppos de eonilias albin reciipeva admin- 
istrationes dh (1) cholesterol^ (2) nicotina, e 
(3) nicotina e cholesterol dhrante peribdos de 
24 septiinanas, Le addition de nicotina al 
regime de cholesterol lion afficeva significa- 
tivemente le peso corporee, le cholesterol del 
sero, le phosphoro lipidic del sero, o le appa- 
rentia macroscopic del atherosclerosis arterial. 
Tin le gruiupo recipients le duo agentes, le mor- 
talitate esseva plus grande, e signos electro¬ 


cardiographic e pathologic indicava plus 
evidentemente lb presentia de affection cardiac 
e de alterationes periphero-vascular; Es ex- 
priiuite le opinion qme le combination de nico¬ 
tina e chokstterol produce uin interaction car¬ 
diovascular. 
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